The present study investigates the combined effects of varying viscosity and heat transfer on a Casson fluid through an inclined porous axisymmetric tube in the presence of slip effects. The modeled governing equations are solved analytically by considering the long wavelength and small Reynolds number approximations. The numerical integration is employed to obtain pressure rise and frictional force. A parametric analysis has been presented to study the effects of the Darcy number, angle of inclination, varying viscosity, velocity slip, thermal slip, yield stress, amplitude ratio, Prandtl number and Eckert number on the pressure rise, pressure gradient, streamlines, frictional force and temperature. The study reveals that an increase in the angle of inclination and viscosity parameter has a proportional increase in the pressure rise. Also, an increase in the porosity causes a significant reduction in the pressure rise.
Introduction
The study of flow through a porous medium has acquired a considerable interest of researchers in recent time due to its applications in understanding various mechanisms in lungs, gallbladder, blood vessel movement, etc. In the human body, a large part of the muscle is a porous structure. These structures are essential to supply the nutrients to every cell, and their proper functioning mainly depends upon the blood flowing through them. In such situations, the presence of slip on the boundary due to the porosity of the wall plays an essential role in inspecting the flow of blood in arteries. Thus, slip effects are more articulated for fluids moving through geometries which have flexible property, like blood vessels. The experimental investigations on blood flow revealed the significance of slip at the porous walls. Specifically, peristaltic movement of blood through a tube can be modeled better by taking slip and porosity into account. The preliminary investigation on peristaltic transport was initially carried out by Latham [1] . Subsequently, many slip and heat transfer in an axisymmetric inclined porous tube of radius a ( Fig.1 ) and inclined at an angle  to the horizontal. The wall deformation due to the propagation of an infinite sinusoidal wave with constant speed c along the walls of the tube is given by the following equation.
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where  is the amplitude ratio,  is the wavelength, c is the wave speed, t is the time and z is the axial direction. 
Mathematical modelling and solutions to the problem
The equations of motion and energy in the wave frame of reference, moving with speed c, under the lubrication approach (Nadeem and Akbar [21] 
where u and w are the radial and axial velocities, Re is the Reynolds number,  is temperature,  is the wave number , Pr is the Prandtl number, Ec is the Eckert number, r is the radial coordinate, rr  is the shear stress in radial coordinates zr  is the shear stress in axial and radial coordinates, zz  is the shear stress in axial coordinate and rz  is the shear stress along radial and axial coordinates. The following nondimensional variables are introduced: ,  ,  , 
Under the assumption of long wavelength 1   and small Reynolds number (Re ) 0  , Eqs (3.1)-(3.3) takes the form
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The constitutive equation for Casson's fluid in the non-dimensional form is given by Blair [11] , ( )
The corresponding non-dimensional boundary conditions are , a t Da
, is finite at
Equation (3.10) corresponds to the velocity and thermal slip conditions, respectively [32] . Further, Da is the porous parameter (Darcy number),  is the velocity slip parameter,  is the thermal slip parameter and  is the temperature.
The influence of variation in viscosity is chosen in the following form , 
where sin and . 
Using Eq.(3.7) together with the boundary conditions (3.10) and (3.11), we obtain an expression for the temperature profile as 
Integrating Eqs (3.14) and (3.17) and using the conditions at p 0 r 0    and at
and the stream function for the plug flow in the region p 0 r r   can be written as 
The instantaneous volumetric flow rate in the wave frame is given by 
The dimensionless time-averaged flux Q across one wavelength is
Pumping characteristics
The pressure rise ( P  ) over one cycle of the wave is given by
The dimensionless frictional force F at the wall across one wavelength is
Results and discussion
The present investigation focuses on the effects of various physiological parameters on the pressure and the behavior is opposite when  is minimum. The effects of  on P  and Q are presented in Fig.2 (ii). It is noticed from the figure that an increase in the value of  increases P  in the pumping region. It is also observed that for a particular value of  , P  curve for . 1 0 1   lies above the curve for 1 0   and the situation reverses in the case of the augmented region. An increase in the values of  enhances P  in a porous tube (Fig.3(i) ). The effects of  on P  and Q show that P  increases for an increase in the angle  . This observation on  is in good agreement with the results of Nagarani [12] . Also, it is observed that the P  curve for . 1 0 1   lies above the curve for 1 0   and the opposite trend is noticed in the case of the augmented region ( Fig.3(ii) ). Figure 4 decrease the length of the interval for P 0   and a similar observation is mode when viscosity increases from 0 to 0.1 (Tabs 2 and 3) . The behavior of  and  is opposite to that of and Da  (Tabs 4 and 5). However, from Tabs 1-5 it is noticed that the impact of , , Da, and     on frictional force shows the opposite trend as that of the pressure rise. 
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The other parameters choosen are Da . , . , , . and . . Table 5 . Interval for time averaged flow rate Q across one wavelength for different values of  .
The other parameters choosen are . , . , Da . , . and . . Figure 5 depicts the variation of  and  on the pressure gradient. It is noticed from the figure that the magnitude of the pressure gradient increases with an increase in the values of  (Fig.5(i) . A similar effect is observed for the variation of  on pressure (Fig.5(ii) ). The effects of Da and  decrease the magnitude of pressure in an inclined axisymmetric porous tube (Fig.6) . The influence of  on pressure shows the opposite behavior as that of Da and  (Fig.7) . From Figs 5-7 , it is seen that the maximum pressure gradient occurs when . z 0 75  and the minimum pressure gradient exists near the walls of the tube. This confirms the fact that the fluid flow passes through a conduit comfortably in the middle. Figure 12 illustrates the effect of the variation of and Da  on  . From Fig.12 (i) it is noticed that an increase in the values of  significantly increases the temperature ( )  . Further, the opposite behavior is observed in the case of Da (Fig.12(ii) ). The variation of and   plays an important role in increasing  (Fig.13) . Figure 14 illustrates the impact of Pr and Ec on  . It is seen that an increase in Pr results in a decrease of  (Fig.14(i) ). Physiologically, an increase in Pr means a decrease in k which is responsible for the decrease in  . Hence, cooling of the heated tube can be improved by choosing a coolant with a large Pr. Further, similar observations are made for an increase in the values of Ec (Fig.14(ii) ). However, in all the cases  increases when viscosity increases from 0 to 0. . and .
. and .
. 
Summary and conclusions
The present paper emphasizes the influence of varying viscosity, slip and heat transfer on peristaltic transport of the Casson fluid in an inclined porous tube. Also, from the current model, one can deduce the results for a Newtonian fluid in the absence of yield stress. The present study provides a satisfactory outcome that represents some of the natural phenomena, especially the flow of blood in narrow arteries which can be handled and processed in case of dysfunction. The conclusions can be summarized as follows:
 it is possible to enhance the pressure rise, frictional force, temperature and peristaltic pumping performance by taking the variable viscosity into account;  the pumping performance increases with an increase in the slip parameter and decreases with an increase in porous parameter;  the pressure rise increases with increasing values of the yield stress, amplitude ratio and angle of inclination;  the magnitude of the pressure gradient is an increasing function of the yield stress, amplitude ratio and velocity slip parameter, and is a decreasing function of the Darcy number and angle of inclination;  the frictional force due to changes in the values of the yield stress, amplitude ratio, velocity slip parameter and angle of inclination decreases the frictional force and increases with increasing values of the Darcy number;  the temperature increases with an increasing amount of the yield stress, amplitude ratio, velocity slip parameter, thermal slip parameter, the angle of inclination, Eckert number and Prandtl number, and decreases with an increasing value of the Darcy number;  the volume of tapered bolus increases with an increase in the value of the yield stress, amplitude ratio and velocity slip parameter, and decreases as the Darcy number increases. 
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